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By J. W. WASHBOUR~0 M.D., F.R.C.P. 
IMMUNITY is one of the most interesting questions 
in the whole range of pathology. Not only is the 
subject of scientific interest, but it is also of great 
practical importance. The antitoxine treatment 
of diphtheria is entiroly due to the knowledge 
obtained from the scientific investigation of im- 
munity, and there can be no doubt that this is but 
the commencement of an entirely new method of 
treating all infectious diseases. 
The problem of immunity is a complex one, and 
can only be solved by a careful consideration of
all the facts concerned in the diseases due to the 
invasion of the body by bacteria. 
~[ode of Action.--The first point to consider is 
the way in which bacteria act. It may be stated 
that all pathogenic bacteria produce their ill effects 
by means of the poisons they elaborate; these 
poisons are called toxines. The proof of this is 
shown best in the case of the diphtheria and 
tetanus bacillus. In artificial cultivations these 
bacilli produce toxines, which, when introduced 
under the skin of susceptible animals, produce 
exactly the same symptoms as are caused by 
the introduction of the living bacilli. Both these 
• toxines are exceedingly poisonous, especially that 
of tetanus. A hundred-thousandth part of a 
cubic centimetre of tetanus toxine is sufficient o 
give tetanus to a mouse. Many pathogenic 
bacteria, on the contrary, produce very feeble 
toxines. The pneumococcus may be taken as an 
example. Large quantities of filtered or dead 
cultivations may be injected into the circulatory 
system of susceptible animals, such as rabbits, 
without producing any itl effect. 
Now, the diphtheria bacillus and the tetanus 
bacillus, when inoculated under the skin, do not 
invade the circulatory system, nor the internal 
organs; they only multiply at the spot of inocu- 
lation, elaborating toxines which, after absorption, 
produce the characteristic symptoms of these 
diseases. We may look upon diphtheria and 
tetanus as types of toxic diseases. 
And here we may remark that tetanus occupies 
a peculiar position, for it has been found that 
tetanus spores, when freed from toxines by 
washing, or in other ways, produce no symptoms 
when injected under the skin. In order for the 
spores to germinate and produce their toxines, 
the tissue must first be injured, or other bacteria, 
harmless in themselves, must be simultaneously 
injected. This association of bacteria is an im- 
portant factor in many diseases, and must not be 
lost sight of in the consideration of their pathology. 
In contradistinction to toxic diseases there are 
others which may be called septic. A good 
example is the disease caused by the pneumo- 
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coccus in the rabbit. The cocci, which, as we 
have already learnt, produce but feeble toxines, 
rapidly invade the whole body, and the blood and 
organs are found crowded with them after death. 
There are all degrees between the typical toxic 
and septic diseases we have quoted. The bacillus 
of Septicaemia Haemorrhagica produces apowerful 
toxine, and nevertheless multiplies in the blood of 
infected animals. The disease produced by one 
and the same bacterium may sometimes take on a 
septic and sometimes a toxic type. The pneumo- 
coccus generally produces a septic type of disease 
in the rabbit ; but at imes it produces a toxic type, 
the cocci only multiplying at the spot of inoculation 
without invading the blood. Death is then due to 
a poisoning with the toxines. 
These considerations show that in the study of 
immunity we have to consider two main points. 
The one is the power of the body to destroy 
bacteria, or to inhibit their growth ; and the other 
is the power of the body to resist the effects of the 
toxines. In the case of septic diseases the former 
factor, and in the case of toxic diseases the latter 
factor, is the more important. Immunity may 
depend upon either factor, or upon a combination 
of both, and this is one of the reasons why the 
problem is such a complex one, and why no one 
theory is applicable to every case. 
Immunity may either be natural or acquired. 
Natural Immunity.--Many imals are naturally 
immune to bacteria which are exceedingly patho- 
genic to other animals. Fowls, frogs, and white 
rats are immune to anthrax ; and birds generally 
are immune to the pneumococcus. A natural 
immunity can be overcome by various agencies 
which lower the vitality of the animals. Fowls 
can be infected with anthrax when exposed to the 
depressing influence of cold ; and many other 
instances might be given. In some cases a natural 
immunity is chiefly due to a tolerance of the 
toxines. Fowls are not affected by large doses of 
the tetanus toxine, just in the same way as they are 
insusceptible to large doses of morphia. Mice are 
not affected by large doses of the diphtheria toxine. 
Acquired Immunily.--An artificial immunity can 
be acquired in various ways. The method which 
has been employed for a long time is that of sub- 
mitting the animal to a mild form of the disease 
by, in fact, thd process of vaccination. This can 
be effected by inoculation with attenuated cuL 
tivations, or by inoculation with very minute 
quantities of virulent cultivations. The anthrax 
bacilli can be attenuated either by cultivation at a 
high temperature, or by the addition of various 
antiseptic substances to the cultivating media. 
Inaculation with such attenuated cultivations pro- 
duces a local reaction attended with pyrexia, from 
which the majority of the animals recover. After 
recovery the animals will resist inoculation with a 
virulent cultivation. 
A similar result can be obtained by the injection 
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of non-fatal doses of the toxines ; and this indeed 
is what would be expected from our knowledge of 
the mode of action.of bacteria. 
As a rule, immunity conferred by the injection 
with toxines is not so durable as that produced by 
inoculation with living cultivations. 
There are several points that must be considered 
in producing immunity in this way. In the first 
place, it takes some time for immunity to be 
established, and secondly, the immunity will onIy 
last for a certain time. If the animal is inoculated 
too early after the preventive inoculation, it will 
succumb; and so will it if the inoculation is de- 
ferred too long. The period depends upon the 
nature of the disease, and also upon the effect 
produced by the preventive inoculation. The 
greater the effect the longer will it take for im- 
munity to be established, and the longer will it last. 
Although there is a close relationship between im- 
munity acquired towards living bacilli and to their 
toxines, yet these are not always in direct relation. 
It is easier to render an animal immune to fatal 
doses of living bacteria than to fatal doses of the 
toxines. 
It may be stated as a general rule that when an 
animal has been rendered immune to the toxine of 
a given bacterium, it is also immune to the hying 
virus. For example, when by previous treatment 
an animal will withstand a fatal dose of the 
diphtheria toxine, it will also withstand inoculation 
with a fatal dose of the living bacteria. The con- 
verse of this rule does not, however, hold. An 
animal may be rendered immune to a fatal dose of 
the living bacteria, and yet may succumb to a fatal 
dose of the toxine. This has been shown to be 
the case with the cholera vibrio, with Metchnikoff's 
vibrio, and with the bacillus of hog cholera. 
Indeed, it has been affirmed that immunised 
animals are more susceptible to the toxines than 
normal animals. Such a statement must be ac- 
cepted with some caution, for there are many 
sources of fallacy. The method of preparation of 
the toxines may produce other compounds than re 
formed in the body ; and due regard must be paid 
to the time which has elapsed since the "test" 
inoculation with the living cultivations. It is well 
known that bacteria will remain living in the body 
for some time after apparent recovery, and that 
injection with toxines wilt then cause a recru- 
descence of the disease, the animal dying of a 
general infection, and not of tox~emia. 
Immunity may be conferred upon animals in 
other ways than by vaccination. Klein has shown 
that the previous injection of dead bacteria of 
various kinds into the peritoneal cavity will render 
animals immune to intraperitoneal inoculation with 
the cholera bacillus. Issaeff has extended these 
experiments, and has shown that the previous 
injection of various substances, uch as broth, will 
produce the same effect. This form of immunity 
is of a different nature to that conferred by vaccina- 
lion. It is of a much shorter duration, and differs 
also in other points. 
There is still another method of producing 
immunity, and that is injection with the blood 
serum of highly immune animals. This method 
differs in several important points from the methods 
already described. Immunity conferred in this 
way is of short duration, while the immunity con- 
ferred by vaccination lasts a long time. 
The most important difference isthat he method 
is of therapeutic as well as of prophylactic value. 
Animals can be protected, even if the serum is 
injected some time after inoculation. By the 
other methods of producing immunity such a 
result cannot be obtained. 
Having described the methods of producing 
immunity we must next consider certain properties 
possessed by the cells and humours of the body 
in relation to bacteria. We will first consider the 
process of ibhagocytosis, the ingestion of bacteria 
and other foreign substances by amoeboid cells; 
for upon this phenomenon is based one of the 
most seductive theories of immunity. 
It is to lVIetchnikoff and his school to whom we 
are indebted for most of our knowledge of this 
interesting subject. He has studied the process 
throughout the animal kingdom, and has shown 
how widely spread it is. The amoeba is well 
known to be capable of englobing and digesting 
foreign bodies. It will also attack living bacteria, 
digesting them in the same rammer as it does 
dead particles. Metchnikoff has shown that the 
amoeba sometimes englobes a small unicellular 
micro-organism which he calls the microsph~era; 
but it is incapable of destroying and digesting it. 
On the contrary, the microsph~era multiplies in the 
body of the amoeba, and ultimately destroys it. 
This, according to Metchnikoff, is the counterpart 
of what occurs in the vertebrata. When micro- 
organisms are introduced into the body, the 
phagocytes attack and englobe them. There is 
then a struggle between the phagocyte and the 
bacterium ; should the phagocyte be victorious the 
animal recovers, while if the bacterium isvictorious 
the animal succumbs to the infection. To this 
question we shall return, but at present we must 
occupy ourselves only with the phenomenon. 
In the higher forms of the invertebrata the- 
phagocytes become differentiated from the other 
cells of the body, but still retain their power of 
englobing foreign bodies. The introduction of a 
splinter of wood into the gelatinous belt of the 
medusa leads to an accumulation of phagocytes~ 
and if the object has been previously soaked in 
carmine, the particles of carmine are englobed by 
the phagocytes. 
The daphnia, a minute transparent crustacean 
is liable to become infested with a parasite calle~ 
the monospora bicus~idata. The spores of the 
parasite gain access to the body through the 
alimentary canal, which they penetrate. As soor~ 
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as they have passed through the wall of the intes- 
tine, phagocytes accumulate around them, englobe 
them, and usually destroy them. If  the parasites 
are destroyed the daphnia recovers, but frequently 
this is not the case, and the parasite invades the 
body, and kills the daphnia. 
Metchnikoff gives a large number of examples 
of phagocytosis among the invertebrata, nd there 
is good evidence to believe that it is an important 
means of defence among these lower animals. 
Let us now consider what are the cells which are 
phagocytic among the vertebrata. The most im- 
portant are c rtain kinds of leucocytes, but not all. 
Various classifications of leucocytes are given by 
different observers. Metchnikoff divides them into 
four varieties. The lympkocyle is a small cell with 
a large round nucleus urrounded by a small amount 
of protoplasm. The manonucIear leucocyte is a large 
cell with a round oval or kidney shaped nucleus, 
closely resembling certain endothelial cells. The 
eosinopMle cell possesses a lobed nucleus, and 
contains in its protoplasm coarse granules staining 
deeply with eosine. The neutropMle leucocyte 
contains a lobed nucleus, of whi,h the individual 
portions are united by delicate nuclear filaments, 
giving the appearance of a multinucleated cell. 
The protoplasm contains granules which can only 
be stained by a mixture of the acid and basic dyes. 
Hence the name neutra~hile. 
Of these leucocytes, the eosinophile cells and the 
lymphocytes do not possess phagocytic properties, 
while the mononuctear and neutrophile cells are 
phagocytes, and even when removed from the body 
are capable of englobing foreign particles uch as 
carmine. The other important class of phagocytes 
are the endothelial cells of the vessel walls and of 
the lymphatics. 
That these phagocytes are capable of englobing 
not only foreign particles, but also dead and living 
bacilli, there can be no doubt. If anthrax bacilli 
are injected under the skin of a pigeon, a local in- 
flammation occurs, and if the exudation isexamined 
it will be found to contain a number of leucocytes, 
many filled with anthrax bacilli. I f  tubercle bacilli 
are injected into a rabbit's vein, the bacilli quickly 
disappear f om the blood of the general circulation, 
and are then found in the endothelial cells of the 
vessels, especially in the liver. Leprosy bacilli are 
frequently found within the endothelial cells of the 
lymphatics. 
That phagocytes are capable of englobing living 
bacilli has been proved by several experiments. 
There is a form of septica~mia among frogs, caused 
by a motile bacterimn. These bacteria have been 
observed to move about in the interior of 
phagocytes, showing that they must have been 
englobed in the living state. 
Metchnikoff has isolated phagocytes containing 
anthrax bacilli, and has planted them in broth. The 
bacilli grew and formed a good cultivation, showing 
that they must have been alive when planted. 
We must next consider what leads to the emi- 
gration of phagocytes through the vessel walls, and 
their accumulation around the spot of inoculation. 
This is due to what is called chemiotaxis--the 
power possessed by various ubstances of attracting 
or repelling amoeboid cells. When an attraction 
is exerted, we speak of positive chemiotaxis, and 
when repulsion, of negative chemiotaxis. It is a 
phenomenon which can be observed in the lowest 
forms of life. The myxomycetes, which consist 
of naked masses of protoplasm, are pelled by 
certain chemical substances, and attracted by 
others. As a rule, the phenomenon is of a protec- 
tive nature, the protoplasm oving towards food, 
and away from harmful substances ; but this is not 
always the case. There are many interesting facts 
connected with this phenomenon. The same 
chemical substance may attract or repel the proto- 
plasm according to its concentration, and the 
protoplasm, which is at first repelled by a chemical 
substance, may become gradually accustomed to it, 
and ultimately attracted. 
In the vertebrata, chemiotaxis can be studied by 
inserting capillary tubes filled with various sub- 
stances into the subcutaneous ti sue, or into the 
peritoneal cavity. The tubes are removed from 
time to time, and examined under the microscope. 
I f  the substances introduced exert a positive 
chemiotaxis, the tubes are found to be filled with 
leucocytes, while if they exert a negative chemio- 
taxis, or are inert, no leucocytes are found in the 
tubes. The toxines produced by bacteria, especially 
those contained within their protoplasm, generally 
exert a positive chemiotaxis. Some are inert, and 
some are stated to possess a negative chemiotaxis. 
This latter property is more difficult to prove, and 
is denied by many observers. 
Chemiotaxis will thus explain the accumulation 
of leucocytes around the spot .of inoculation with 
certain bacteria, and the absence of any accumula- 
tion in other cases. 
Bactericidal Properlies of •lood.--A factor of 
great importance in connection with immunity is 
the power possessed by the blood and other body 
fluids of destroying bacteria. This was first dis- 
covered by Nutta], and has been carefully studied 
by Buchner, Behring, and Nissen. It was shown 
by Buchner that in the case of blood the power 
resided in the blood serum. The best method of 
demonstrating this property is to inoculate the 
serum with a cultivation, and to estimate the 
number of bacteria present at different intervals by
means of plate cultivation. After a few hours the 
number of bacteria diminish, and ultimately all 
may be destroyed. But as a rule, after a time the 
number of bacteria begins to increase, and ulti- 
mately far surpasses the number originally present. 
At first the serum destroys many of the bacteria ; 
but this power of destruction is gradually lost, and 
then the bacteria are able to multiply without 
hindrance. 
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It is supposed that the serum contains a sub- 
stance called an aZexim, which possesses bacteri- 
cidal properties, while the bacilli secrete a substance 
called Iysim, which neutralises the alexine, and thus 
enables the bacteria to grow. Both these sub- 
stances are hypothetical, and have not been 
isolated. Whether they exist or not, there can be 
no doubt that the bacteria, if present in large 
quantities, can resist th.e bactericidal properties of 
the serum. Even the addition of dead bacteria 
to the -~erum annuls its bactericidal properties. 
The bactericidal substances are very readily 
destroyed by physical agents; the exposure of 
serum to a temperature of 6o%. rapidly destroys 
its bactericidal property. 
There is good evidence to show that the 
bactericidal substances are secretions formed by 
certain of the leucocytes. Hankin was the first to 
suggest hat the eosinophile cells were ceils which 
secreted alexines, and this view has been still 
further supported by the observations of Hardy 
and Kanthack. Buchner, Denys, and others have 
sho~n that inflammatory exudations containing 
many leucocytes possess more powerful bactericidal 
properties than the blood itself. 
A~zti-toxic 2Pr@erlies of B[ood.--The blood of 
animals immunised by the method of vaccination 
possesses properties which are quite distinct from 
those of the bactericidal properties we have dis- 
cussed. I am now ailuding to the so-called anti- 
toxic property. 
Behring and Kitasato proved that the blood 
serum of animals immunised to diphtheria and 
tetanus possesses the power of annulling the 
effect of the toxines of these diseases when in- 
jected into other animals. The potency of the 
serum can be enormously increased by frequent 
injections of the toxines in increasing doses. In 
the case of tetanus, a serum has been obtained 
which, when injected in a quantity corresponding 
to a ten.millionth part of the body weight, will 
protect an animal against an otherwise fatal dose of 
the toxine. 
Ehrlich has shown that the blood serum of
animals which have been habituated to large doses 
of two vegetable poisons--ricine and abrine~ 
posssesses anti-toxic properties with regard to these 
poisons. 
The same principle has been applied to a 
number of bacterial diseases, and it has been 
generally shown that the blood serum of im- 
munised animals will protect other animals against 
the disease. Here we must distinguish between 
an anti-toxic serum and an anti-biotic serum. A 
serum which is anti-toxic is also anti-biotic. Thus 
a serum which will protect an animal against the 
toxines of diphtheria will also protect it against 
inoculation with the living bacillus. The converse 
does not hold, for it has been shown in several 
itlstances, such as in the case of hog cholera nd 
lVIetehnikoff's vibrio, that a serum which wili 
protect perfectly against inoculation with living 
bacilli is quite inefficacious against heir toxines. 
The potency of a protective serum depends 
upon the state of immunity of the animal fur- 
nishing the serum. A powerful protective serum 
can only be obtained by repeated inoculations with 
increasing quantities of the living bacilli or their 
toxines. 
The bactericidal properties of a serum and its 
protective power are quite distinct properties, and 
must not be confused. The protective power Of 
the serum is not readily destroyed by heat, and the 
protective substance can be precipitated in various 
ways without losing its efficacy. The bactericidal 
properties of a serum are, on the other hand, very 
readily destroyed. 
With regard to the formation of the anti-toxic 
substance in the serum, there are two facts which 
point to the bacterial toxine entering into its com- 
position. The potency of the serum is roughly 
proportional to the amount of toxine introduced 
into the body ; and the anti-toxic properly is 
specific, that is to say, a diphtheria nti-toxin will 
only protect against diphtheria, and a tetanus 
anti-toxin against tetanus. There appear to be 
exceptions to this rule, but I think they may for 
the present be neglected. Now it is very unlikely 
that the cells of the animal body would possess 
the power of secreting a specific anti-toxin against 
every disease. We are thus ted to the conclusion 
that the essential element in the anti-toxic serum 
is a derivative of the bacterial toxine, and this is 
also borne out by the fact that the serum is more 
powerful in proportion to the amount of toxine 
introduced. 
Up to the present I have simply placed before 
you an account of the various factors which are 
concerned in immunity, without giving any opinion 
of their relative importance. I must now attempt 
to do this. In such an attempt it is well to discuss 
natural immunity apart from an acquired immunity ; 
for oI the factors concerned, i.e., phagocytosis, 
bactericidal substances, and the possession of a 
protective serum, the latter does not exist in 
naturally immune animals. There is thus an 
essential difference. 
We will begin with the discussion of natural 
immunity, because the problem is a more simple 
one.  
NaturaZ ImmuMfy.--At he outset, I may say 
that no one theory will account for all cases of 
natural immunity. In some cases the explanation 
is a simple one, and in others complex, involving 
several factors. Frogs are immune to inoculation 
with the tubercle bacillus, chiefly because the 
temperature of the frog is not a suitable one for the 
growth of the bacillus. Fowls are insusceptible to 
inoculation with the tetanus bacillus, because their 
tissues are not affected by the tetanus poison, just 
in the same way as they are not affected by 
morphia. But even these apparently simple ex- 
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planations are not sufficient. We have to explain 
how it is that the tubercle bacilli and tetanus 
bacilli are destroyed after introduction into the 
bodies of frogs and fowls. This can only be 
explained by means of phagoeytosis, or by means of 
the bactericidal properties of the fluids. Neither of 
these factors are sufficient o explain the destruction 
of the bacteria in every case of natural immunity. 
In some instances the bactericidal properties of the 
blood are quite sufficient explanation. Certain 
kinds of white rats are immune to anthrax, and 
the blood serum of such rats rapidly destroys 
anthrax bacilli outside the body. Any further 
explanation of the failure of anthrax bacilli to 
multiply in the body of these animals is un- 
necessary. 
On the other hand, the same animals are but 
slightly susceptible to inoculation with the pneumo- 
coccus, yet their blood serum possesses no bacteri- 
cidal properties in regard to this micro-organism. 
In cases where the fluids of the body possess no 
bactericidal properties, phagocytosis must be the 
most important factor in immunity. Metchnikoff 
looks upon it as the most important factor in all 
cases. Some of the arguments which have been 
brought forward in favour of this theory are, in the 
light of our present knowledge, valueless. The 
mere fact that the bacteria are taken up by the 
phagocytes i  no proof of immunity, for in pigeons 
dying of swine erysipelas marked phagocytosis 
occurs. Again, it has been shown by Werigo that 
when anthrax bacilli are injected into the circula- 
tion of susceptible rabbits, they are at once taken 
up by the phagocytes of the liver and other organs, 
and are again set free to multiply freely in the 
blood. The formation of an exudation rich in 
phagocytes at the spot of inoculation is also not 
sufficient evidence of the exclusive r61e of phago- 
cytrin in the production of immunity; for such 
exudations contain many leucocytes which are not 
phagocytic, and the fluid portions of these exuda- 
tions possess bactericidal properties. 
I would be far from denying that phagocytosis 
is of no importance in connection with natural 
immunity; but I believe that it is rarely a sufficient 
cause alone and unassisted by the bactericidal 
properties of the fluids of the body. 
In most cases of natural immunity the bacteria, 
when introduced, are destroyed partly by the 
bactericidal substances, and party by the phagocytes. 
In some cases the bacteria are destroyed by the 
bactericidal substances alone, the phagocytes only 
playing the secondary r61e of digesting the already 
killed bacteria. In others it is possible that the 
phagocytes alone destroy the bacteria. 
Acquired Iramunity.--The problem of acquired 
immunity is a more complicated one; for in 
addition to the factors already discussed, we must 
consider the protective power of the serum. 
Immunity acquired to toxic diseases, such as 
diphtheria nd tetanus, is chiefly due to the anti- 
toxic properties of the blood, which annuls the 
effect of the toxines upon the tissues. The bacteria 
are then destroyed by the phagocytes; tbr the 
blood serum of animals immunised to these 
diseases has no marked bactericidal properties. 
The phagocytic power of the cells was present in 
the animal before it was immunised, but was 
paralysed by the bacterial toxines. This isclearly 
shown in the case of tetanus by the fact that the 
spores, when freed from toxines, are readily 
destroyed by the phagocytes of susceptible animals. 
In dealing with immunity acquired to septic 
diseases we are met with greater difficulties, w'hich 
will, however, be cleared up as more facts come tO 
light. The serum of immunised animals is pro- 
tective against inoculation with living bacteria, but 
not against heir tissues. It is anti-biotic and not 
anti-toxic. 
In some cases, such as in that of the vibrio 
Metchnikowi, the immunity appears to be due to an 
increased bactericidal property of the blood, for 
the blood serum in vitro rapidly destroys the vibrio. 
In other cases the blood serum of immunised 
animals has no marked bactericidal properties, 
and yet will protect perfectly. 
Most interesting observations have been made 
by Pfeiffer and others with regard to infection with 
the cholera bacillus. When introduced into the 
peritoneal cavity of highly immune guinea-pigs, 
they rapidly lose their mobility and are transformed 
into rounded bodies. This destruction appears to 
be due to substances excreted by the leucocytes. 
The same occurs in normal guinea-pigs treated 
with the serum and subsequently inoculated. 
There are many other interesting facts in con- 
nection with the immunity acquired to septic 
diseases, and to such diseases as the disease pro- 
duced in guinea pigs by inoculation with the cholera 
bacillus. I feel, however, that in attempting to 
explain them we should only get into difficulties, 
and that it is only when more facts are obtained 
that an explanation will be forthcoming. 
In conclusion, I would say that the main point 
which I have attempted to show in this paper is 
that immunity is a complex subject, and not to be 
explained upon any one theory. In each case we 
have to consider several factors ; and in most cases 
several factors are concerned, sometimes one and 
sometimes another being the most essential and 
important. 
VACCINATION IN GERMANY.-- During I892 
the total number of vaccinations and re-vaccina- 
tions in Germany amounted to 2,42o, I6I, out 
of which only i8,r8g were done with humanized 
lymph. There were, in *893 , twenty-five sta- 
tions in Germany for the supply of animal 
vaccine lymph. Eight insertions are usually 
made in primary vaccination; five or six in re- 
vaccination. 
